Effects of two types of feedback on mathematical reasoning in a computerized environment are compared. Metacognitive feedback (MF) is based on self-regulation learning using metacognitive questions that serve as cues for understanding the problem. Result feedback (RF) means giving cues that pertain only to the nal outcome. A total of 108 sixth-grade Israeli students participated in the study. Results indicated that the MF students signi cantly outperformed the RF students on various measures of mathematical reasoning and mathematical explanations. Theoretical and practical implications of the study are discussed. 
1998; Butler and Winne, 1995; Mevarech and Kramarski, 1997) . Butler and Winne (1995) describe self regulation learning (SRL) as a style of activities for problem solving that includes evaluating goals, thinking of strategies and choosing the most appropriate strategy for solving the problem. In this model, feedback is a central factor in cognitive-metacognitive processes. In terms of self-regulation, feedback serves as an internal catalyst that oversees the course of activities entailed in performing the tasks, the results and the quality of the cognitive processing of the tasks. Aside from internal feedback there is also external feedback in which students receive cues about the tasks, and the proper process for solving the problem, from an external source such as a teacher, a student or an interactive technological means such as a computer. In general, studies have found that learning with feedback is preferable to learning without feedback (McDaniel and Fisher, 1991; Zellermayer et al., 1991) . Studies examining the in uence of learning mathematics in a computerized environment show that computers can serve as an effective aide in learning process and in developing mathematical reasoning because they provide students with immediate feedback about their progress and success in the task NCTM, 2000) . However, not enough attention has been paid to the comparison between various types of feedback in a computerized environment on mathematical reasoning.
The present study examined two types of feedback provided during the process of learning mathematics: metacognitive feedback (MF) and result feedback (RF). Metacognitive feedback is based on SRL, using metacognitive questions ) that serve as cues for understanding the content and structure of the problem as well as ways of solving the problem. Result feedback, in comparison, means giving cues that pertain only to the nal outcome. We hypothesized that providing MF by computer will be more affective than providing RF because the external MF serves as a catalyst for developing an internal feedback.
The purpose of the study was twofold: to investigate the effects of two different types of computerized feedback (MF vs. RF on mathematical achievement); and to compare their effects on the ability to explain mathematical reasoning.
Method
Participants were 186 eleventh grade students (mean age 17.5), males and females, who studied in eight classrooms selected from four schools. Intact classrooms were randomly assigned to one of two conditions: (a) studying mathematics with computerized MF (n = 102); and (b) studying mathematics with computerized RF (n = 84).
Treatment
The researchers dealing with mathematical series developed two computerized units. The units were identical in terms of teaching aims and learning materials but different in the type of feedback provided by the computer. The students learned individually and received feedback from the computer during solving tasks/problems or when they had a mistake.
The MF group received an explanation of the importance of using MF for SRL. Metacognitive feedback was based on the IMPROVE method ) that provides each student with the opportunity to be involved in mathematical reasoning via the use of metacognitive questions that focus on:
(a) The nature of the problem /task (e.g. What is the problem/ task all about?); (b) The construction of relationships between previous and new knowledge (e.g. What are the similarities/ differences between the problem/ task at hand and the problems/tasks you have solved in the past?); and (c) The use of strategies appropriate for solving the problem/ task (e.g. What are the strategies/tactics/principles that are appropriate for solving the problem/ task and why?).
The RF group received an explanation of the importance of using feedback provided by the computer. The feedback included responses such as: 'think about it, you made a mistake, Try again. Check it once more. Very good! Wonderful job'. In solving problems/tasks, students had three chances to reach the correct answer using the MF or RF and after the third trial, the answer was supplied.
The teacher was present in the laboratory but did not interfere in the student-computer interaction unless technical problems arose. Students encountering dif culties were referred back to the lesson and to answering questions provided by the computer.
Measurement and procedure
To assess mathematical reasoning a 27-item test was administered to all students at the beginning and at the end of the study. Students were asked to give an answer and explain their reasoning. The test was based on three measures: general term formula, rule of recursion and word problems. The score ranged from 0 (incorrect answer) to 1 (correct answer). A total score was ranged from 0-27. The scores were translated into percentages. In addition students' mathematical explanations were analysed using three criteria: verbal arguments, algebraic formula and mixed format (verbal and algebraic formula).
Results
The rst research question refers to the differences between the two feedback groups on mathematical achievement. Table 1 presents the mean scores, adjusted mean scores and standard deviations on mathematical achievement by time and treatment. A one way MANCOVA was carried out on the various measures of the posttest scores with the corresponding pre-test scores used as a covariant.
Adjusted mean scores indicated signi cant differences between the two feedback groups. The MF group outperformed the RF group on the total score and on all the measures: general term formula, rule of recursion and verbal problems. The term 'adjusted mean scores', refers to the post-treatment scores adjusted for the differences in the pre-treatment scores.
The second research question refers to the differences between the two feedback groups on mathematical explanations. Results indicated a similar pattern of differences between groups as described above on frequencies of using mathematical explanations (Chi Sq = 6.07; df = 2; p < 0.05).
Figure 1 presents students' frequencies of using mathematical explanations. It was found that students who were exposed to MF explained their reasoning with a richer format. They used more often verbal arguments (30.2%) than students who were exposed to RF (20%) and they also used a mixed format (algebraic rules and verbal arguments) more often (63.5%) than students who were exposed to RF (31.6%).
Discussion and conclusions
Electronic technologies are essential tools for teaching, learning, and doing mathematics (NCTM, 2000) . The aim of the study was to explore how technology can be used to support mathematical reasoning. In particular to nd what was the effect of feedback and self regulation in a computerized environment. Results indicated that using technology with MF was more affective then using technology with RF. The ndings of the present study raise the question: Why did the MF students outperform the RF students?
In the present study both conditions were designed in a computerized environment to activate mathematical processes. Results indicated that explicit MF can enhance mathematical achievement (general term formula, rule of recursion and word problems) and mathematical explanations (verbal arguments, algebraic formula and mixed format) in a computerized environment. It seems that focusing on the similarities and differences between previous and new tasks, as well as on comprehending the problem before attempting a solution and re ecting on the use of strategies that are appropriate for solving the problem enhanced the ability to focus on decision making, re ection which in turn enhanced mathematical reasoning. It seems that the external MF of the computer served as an internal catalyst that oversee the course of activities entailed in performing the tasks.
These results con rm ndings of previous studies that focused primarily on the effects of metacognitive instruction on mathematical reasoning in non-computerized environment (Clements, 1990; Schoenfeld, 1985, Mevarech and as well as in a computerized environment Teong et al., 2000) . It supports the constructivist theories, that information is retained and understood through elaboration and construction of connections between prior knowledge and new knowledge (Wittrock, 1986) . The likelihood of constructing networks of knowledge under the MF group was greater than that of the compared RF group. Furthermore, there is reason to suppose that the MF facilitated metacognitive knowledge, which in turn affects mathematical reasoning. Masui and De Corte (1999) found that students who were exposed to metacognitive instruction in a non-computerized environment had more knowledge about orienting and selfregulating themselves than students in the control groups. In that study, the meta-knowledge was positively related to academic performance and to a transfer task. More work is needed to test whether the superiority of MF found in a computerized environment study would remain the same on a transfer task as well as found on the achievement test.
Further research based on systematic observations in the MF and the RF groups may identify measures of self regulation behaviours, so better evidence can be provided regarding the relationship between MF in a computerized environment, metacognitive knowledge, self regulation and mathematical reasoning.
These ndings have important educational implications in learning and teaching mathematics. Thus, it indicates ways of learning/teaching that direct SLR by constructing an explicit example model of MF during the learning process. This form of learning brings the message to the student that their learning processes can be regulated by themselves and are their responsibility.
In summary, relating the ndings of this research to issues of how technology can be used in the wider eld of mathematics learning leads to the conclusion that it serves for effective learning and that further research and evaluation on the conditions under which effective pedagogy work best in this area must be a priority. 
